A method for the determination of a nucleic acid using a control 

This invention is directed to a method for the determination of a target nucleic acid using a 
special control nucleic acid, a method for the amplification of a partial sequence of said target 
nucleic acid using primer(s) and a special control nucleic acid and a kit containing said control 
nucleic acid. 

Background of the invention 

The determination of nucleic acids has become an important tool in analytical chemistry, 
especially in health care. For example, infection diseases and genetic status can be easily 
determined on the basis of the presence or the amount of a nucleic acid indicative of said 
disease or status in samples received from the individual. For this reason methods were 
established using sequence specific hybridization of a nucleic acid, preferably an 
oligonucleotide, with a target nucleic acid indicative for that disease or genetic status. 
Sensitive techniques like the branched DNA-method (U.S. Patent Nos. 5,681,702, 5,597,909, 
5,545,730, 5,594,117, 5,591,584, 5,571,670, 5,580,731, 5,571,670, 5,591,584, 5,624, 802, 
5,635,352, 5,594,118, 5,359,100, 5,124,246 and 5,681,697), or methods detecting rRNA 
target nucleic acids (EP 0 272 009), which are present in high copy numbers in an organism, 
can be used for direct detection of a target nucleic acid in a sample from that organism. But 
many target nucleic acids are present in an organism in such low concentration, that a direct 
detection in a sample derived from that organism is not possible. Such targets need to be 
amplified before detection. Suitable amplification methods are for example LCR (U.S. Patent 
Nos. 5,185,243, 5,679,524 and 5,573,907; EP 0 320 308 Bl; WO 90/01069; WO 89/12696; 
and WO 89/09835), cycling probe technology (U.S. Patent Nos. 5,01 1,769, 5,403,71 1, 
5,660,988, and 4,876,187, and PCT published applications WO 95/05480, WO 95/1416, and 
WO 95/00667), Invader TM technology (U.S. Patent Nos. 5,846,717; 5,614, 402; 5,719,028; 
5,541,31 1; and 5,843,669), Q-Beta replicase technology (U.S. Patent No. 4,786,600) , 
NASBA (U.S. Patent No. 5,409,818; EP-0 329 822), TMA (U.S. Patent Nos. 5,399,491, 
5,888,779, 5,705,365, 5,710,029), SDA (U.S. Patent Nos. 5, 455,166 and 5,130,238) and PCR 
(US-A-4,683,202). 
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In order to minimize false results in nucleic acid determinations, authorities in several 
countries require the use of control nucleic acids. Especially when using amplification 
methods such control nucleic acids are very important, because the amplification process can 
be strongly influenced by the reaction conditions, which could lead to misleading results. 
5 Sometimes inhibitory substances are contained in a sample, which could lead to false negative 
results. 

In general one can distinguish external and internal controls. External controls, like classical 

positive and negative controls are normally used to check whether the assay runs properly or 
P whether contaminants are contained. An internal control for example is useful for recognizing 
fit inhibitory substances possibly contained in a sample or can be used as a quantification 
hi standard in a quantitative assay. In contrast to an external control, which normally is tested in 
j* 1 a separate reaction chamber, an internal control is preferably incubated in the same reaction 
i sa chamber together with the analyte to be tested. Therefore, the control or the amplified product 
P of that control has to be distinguishable from the analyte or from the amplified product of that 

analyte. When using an amplification method an internal control nucleic acid is being co- 
^ amplified essentially under the same reaction conditions as the target nucleic acid. These 
jl j conditions include reagent concentrations, temperature, inhibitor concentration or enzymatic 

activities. Frequently used sequences for controls are derived from housekeeping genes (see 

Chelly et al. (1990) Eur. J. Biochem. 187:691-698; Mallet et al. (1995) J. Clin. Microbiol. 
20 33:3201-3208), but also non-natural sequences are being used (Besnard et al. (1995) J. Clin. 

Microbiol. 32:1887-1893; Gilliland et al. (1990) Proc. Natl. Acad. Sci. USA 87:2725-2729; 

Wang et al. (1989) Proc. Natl. Acad. Sci. USA 9717-9721). 

The amplified nucleic acid derived from the internal control can be distinguished from the 
amplified nucleic acid derived from the target nucleic acid for example by their different 

25 length or hybridization capability to a distinct probe (for reviews see: Clementi et al. (1990) 
PCR Methods Applic. 2:191-196; Clementi et al. (1995) Arch. Virol. 140:1523-1539). hi all 
cases the nucleotide sequence of the internal control is partially or totally different from the 
target nucleic acid sequence. However the sequence and the length of a nucleic acid determine 
its GC-content, secondary structures and melting temperature and, therefore, is essential for its 

30 behavior in a hybridization and amplification reaction. A different sequence of an internal 



control in nearly all cases result in a different behavior of the control nucleic acid compared 
with that of the target nucleic acid. In contrast thereto an ideal internal control should mimic 
exactly the target nucleic acid in order to allow a proper monitoring of the reaction. 

One of the most critical aspects in an amplification reaction is the binding of the primer to the 
5 target nucleic acid. Therefore internal controls are being used, which have the same primer 
binding sites as the target nucleic acid (see for example Gilliland et al. (1990) Proc. Natl. 
Acad. Sci. USA 87:2725-2729; Wang et al. (1989) Proc. Natl. Acad. Sci. USA 9717-9721; 
US 5,219,727). This could lead to a competition in the reaction for the primers and could 

is* 

result in a decreased sensitivity of the assay. 

lj| Gilliland et al. (1 990) Proc. Natl. Acad. Sci. USA 87:2725-2729 describe internal controls 
Q1 which nearly have the same nucleotide sequence as the target nucleic acid, but contain a new 
fa restriction enzyme cleavage site or the sequence of an intron region not contained in the target 
JL nucleic acid. Due to the very high homology of the internal control with the target, both 
W nucleic acids as well as the amplificates can cross-hybridize with each other. Dependent on 

1l| the detection method used, this can lead to wrong results especially in quantitative assays. 
*j Also, the described methods requires elaborous techniques like restriction enzyme digestion 
and agarose gel electrophoresis of the amplified products. 

US patent application No. US 2001/0006800 Al describes related control nucleic acids which 
comprise the internal target sequence without the primer regions in an inverted orientation. 
20 This application does not describe controls which comprise the complementary target 

sequence in an inverted orientation nor controls comprising target primer sequences in an 
inverted orientation. Especially it is to note that inversion of the primer sequences would lead 
to sequences which do have different Tm's and GC-contents compared to the original primer 
sequences. 

25 It is an object of the present invention to improve the methods for determination of nucleic 
acids, especially in avoiding all or a part of the disadvantages of the known methods. 
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Summary of the invention 



The main aspect of the invention is to provide nucleic acids which mimic the properties of a 
target nucleic acid with regard to length, G/C content, secondary structure, and folding kinetic 
and further more, but which can be distinguished easily from the respective target nucleic acid 
5 by their sequence. To achieve this, a sequence is constructed, which covers essentially the 
region of said target nucleic acid to be determined or the complementary strand of said target 
nucleic acid region and which sequence is at least in part parallel-complementary to a strand 
of the target nucleic acid or to a strand complementary thereto. The parallel-complementary 
!g part or parts of the control nucleic acid sequence can extend from small stretches e.g. at least 8 
KG nucleotides, preferred at least 10 nucleotides to the complete target nucleic acid region to be 
% i determined in the most extended case. In a preferred aspect of the present invention the 

yj parallel-complementary part or parts contain probe binding site sequence(s). 

ul 

m In another preferred aspect, particularly, if the target nucleic acid region to be determined is 

p amplified for determination, the control nucleic acid according to the present invention could 

}S also contain primer binding site(s) being parallel complementary to the respective primer 

a 

pi binding site(s) of the target nucleic acid region. 

Such control nucleic acids can be used for example as internal controls in hybridization and 
amplification methods and are therefore useful in the chemical analytic and medical 
diagnostic field. 

20 The invention is also related to a method for the amplification of a target nucleic acid region 
in a sample comprising the step: 

amplifying said target nucleic acid region and a known amount of control nucleic acid, said 
control nucleic acid covering essentially said target nucleic acid region to be amplified or the 
complement of said target nucleic acid region, whereby the region of said control nucleic acid 
25 covering essentially the region of said target nucleic acid to be amplified or the complement of 
said target nucleic acid contains at least one contiguous sequence of at least 8 nucleotides 
being essentially parallel-complementary to said target nucleic acid or to the complementary 
strand of said target nucleic acid. 



With regard to amplification methods such control nucleic acids bear additional advantages. If 
a primer-binding site of these nucleic acids is parallel-complementary to the primer binding 
site of the target, these controls mimic the properties of the primer binding to the target, 
although the sequences of primer binding sites and primers of the control nucleic acid are 
different from that of the target nucleic acid. A competition of the primers for amplification of 
the target and the control is avoided and the sensitivity and linear range of the assay can be 
improved. 

A control as mentioned can be used in any hybridization and amplification method for 
determination of nucleic acids. The use of this control nucleic acid is triggered by the need for 
a control that reflects the characteristics of the target nucleic acid to be determined, but which 
can be still separately detectable. 



5 



Brief description of the drawings 



FIG 1 shows an example of a nucleotide acid sequence and its parallel-complementary 
sequence as well as their capabilities to form similar secondary structures. (QS: control 
nucleic acid to be used in a quantitative or qualitative assay) 

5 FIG 2 shows the prediction of secondary structures done with Mfold version 3.0 (copyright 
1996 Dr. M. Zuker, M. Zuker, D.H. Mathews & D.H. Turner, Algorithms and 
Thermodynamics for RNA Secondary Structure Prediction: A Practical Guide, In RNA 

M Biochemistry and Biotechnology, J. Barciszewski & B.F.C. Clark, eds., NATO ASI Series, 

a 

gi Kluwer Academic Publishers, (1 999)) for the probes ST650 (HCV-specific probe), ST650pc 
^ (parallel complementary to ST650) and ST2535 (unrelated sequence). 

fZ FIG 3 shows the prediction of secondary structures done with Mfold version 3.0 for the 

ft primers ST280 (HCV-specific), ST280pc (parallel complementary to ST280), ST778 (HCV- 

y specific) and ST778pc (parallel complementary to ST778). 

5=1 FIG 4 shows the prediction of secondary structures done with Mfold version 3.0 for the HCV- 
li amplicon, QS(pc)HCV-amplicon (parallel complementary to HCV-amplicon) and QSHCV- 
amplicon (control amplicon containing a scrambled nucleotide sequence, a ST2535 probe 
binding sequence, a ST280 and ST778 primer binding site and being of the same lenght as the 
HCV-amplicon). 

FIG 5 shows the annealing curves of the amplified nucleic acid derived from the different 
20 internal standards QSHCV-amplificate (Seq. ED No. 14) and QS(pc)HCV amplificate (Seq. 
ID No. 13) compared with the HCV-lb amplificate 

Detailed description of the invention 

The invention is mainly based on the observation that a first nucleic acid having a sequence 
being parallel complementary to another second nucleic acid sequence has very similar 
25 hybridization properties defined by its length, GC-content, Tm and secondary structures 

compared to the first nucleic acid sequence, although the sequence is completely different. 
Such a nucleic acid can be used as control nucleic acid for determination of a target nucleic 
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acid, because the control nucleic acid and the target nucleic acids and its amplificates have a 
very similar hybridization behavior, but are still separately detectable by their different 
sequences. 

A preferred control nucleic acid according to the present invention covers essentially the 
region of the target nucleic acid to be determined characterized in that the region of said 
control nucleic acid covering essentially the region of said target nucleic acid to be determined 
or the complement of said target nucleic acid contains at least one contiguous sequence of at 
least 8 nucleotides being essentially parallel-complementary to said target nucleic acid or to 
the complementary strand of said target nucleic acid. 

Covering essentially the region of the target nucleic acid to be determined in this context 
means, that this region of the control nucleic acid consists of one or more parts, whereby the 
sequence of each part is essentially identical or essentially parallel-complementary to the 
according part of the target nucleic acid region to be determined or to the complementary 
strand. Therefore, this region of the control nucleic acid is either essentially identical, 
essentially parallel-complementary or in part essentially parallel-complementary, whereas the 
other part is essentially identical to the relevant region of the target nucleic acid region to be 
determined or to the complementary strand of the target nucleic acid. Therefore this control 
nucleic acid region has essentially identical hybridization properties compared with the region 
of the target nucleic acid region to be determined or the complementary strand of the target 
nucleic acid. Slight changes in secondary structure behavior can occur if too many essentially 
parallel-complementary and essentially identical parts are combined in the control nucleic 
acid, whereas this does not effect the GC-content. In order to guarantee that the behavior of 
the control still mimics the behavior of the target, it is preferred that the control nucleic acid 
region covering the region of the target nucleic acid to be determined consists of fewer than 
10, more preferred fewer than 6 parts being either essentially parallel-complementary or 
essentially identical. 

Since essentially identical or identical sequences cannot easily be distinguished, it is very 
important that the region of the control nucleic acid covering the region of the target nucleic 
acid to be determined contain at least one contiguous sequence of at least 8 nucleotides, more 
preferred at least one sequence of at least 10 nucleotides being essentially parallel- 
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complementary to said target nucleic acid sequence in order to allow a distinct determination 
of target nucleic acid and control nucleic acids or their amplificates for example by probe 
hybridization. 

A part of a first nucleic acid is parallel complementary to a second nucleic acid or a part of it, 
if the sequence of that first nucleic acid is identical with the sequence of the complementary 
strand of the second nucleic acid sequence or a part thereof when the sequence of the 
complementary strand of the target nucleic acid sequence is read in reverse orientation. For 
natural nucleic acids this means reading the sequence from the 3'-end to the 5'-end. An 
example is given in Figure 1 . The parallel complementary sequence of the nucleic acid 
sequence 

5 ' - AGCGC ATGCCAG ATT ACTGGC-3 ' (Seq. ID No. 1) is 
5 '-TCGCGTACGGTCTAATGACCG-3 ' (Seq. ID No. 2). 

The parallel complementary sequence to the complement strand is 
5 '-CGGTCATTAGACCGTACGCGA-3 ' (Seq. ID No. 17). 

The parts of the control nucleic acids according to the present invention need not to be 100% 
identical or 100% parallel-complementary to the target nucleic acid, although this case is 
preferred. It is sufficient, if these parts are either essentially identical or essentially parallel- 
complementary. Essentially identical means that the homology of this part or these parts of the 
control nucleic acid are more than 80%, more preferred more than 90% compared with the 
relevant parts of the target nucleic acid. Essentially parallel-complementary means that the 
homology of this part or these parts of the control nucleic acid are more than 80%, more 
preferred more than 90% parallel-complementary compared with the relevant parts of the 
target nucleic acid. 

For exact determination of homology and complementarity it is preferred to use suitable 
computer programs like FastA (Pearson and Lipman (Proc. Natl. Acad. Sci. USA 85; 2444- 
2448 (1988); Wisconsin Package ( ™ } version of FastA, default settings: wordsize 2(p-p), 6(n- 
n); Don't show scores whose E() value exceeds 10.0(p-p), 2.0(n-n)). 
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Control nucleic acids according to the present invention are also useful in hybridization and 
amplification reactions for determination of target nucleic acids with related sequences like 
allelic forms. For this purpose it is not necessary to synthesize a new control for each allelic 
form of a target nucleic acid. 

5 A control nucleic acid according to the present invention to be used in a hybridization method 
as a pure control to monitor for example one probe hybridization step covers essentially the 
region of the target nucleic acid to be determined characterized in that the region of said 
control nucleic acid covering essentially the region of said target nucleic acid to be determined 
0 or the complement of said target nucleic acid contains at least one contiguous sequence of at 
|P least 8 nucleotides being essentially parallel-complementary to said target nucleic acid or to 
J| the complementary strand of said target nucleic acid. The most important region in such 
bj methods is the region of the target nucleic acid actually bound by the target-specific probe, 
.. which is actually the region of the target nucleic acid being determined. Therefore, in most 
W cases it is sufficient that this region is being covered by the internal control. In case this region 
f3 is shorter than 15 nucleotides, more preferred shorter than 10 nucleotides it is preferred that 
p the relevant region of the control nucleic acid is essentially parallel-complementary to the 
! U probe hybridization region of the target nucleic acid. If the probe hybridization region of the 
target nucleic acid is longer than 15 nucleotides, more preferred longer than 10 nucleotides, 
the relevant region of the control nucleic acid may be either fully parallel-complementary to 
20 the probe hybridization region of the target nucleic or the region be in part essentially parallel- 
complementary, whereas the other part(s) is essentially identical. Using an essentially 
complementary, preferred a complementary probe for hybridization with such a control 
nucleic acid it is possible to mimic the hybridization of the target nucleic acid with its probe, 
but still allow a separate determination of both hybridization complexes. 

25 An amplification control allows to monitor an amplification process. When looking for 

example at a typical PCR-assay this can include primer-hybridization steps, elongation of the 
primers, amplification efficiency or/ and also further probe-hybridization steps. A preferred 
amplification control according to the present invention can contain regions flanking the 
region covering essentially the region of the target nucleic acid being amplified, because the 

30 preferred primers used for amplification of the control are either essentially parallel- 
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complementary or essentially identical, more preferred parallel-complementary or identical to 
the primers for amplification of the target dependent on the sequence of the control. Therefore 
the amplificate of the control nucleic acid does not contain the flanking regions of the control 
but only the region which essentially covers the region of the target nucleic acid being 
5 amplified and the length of both amplificates are essentially identical. 

The region of the control nucleic acid which essentially covers the region of the target nucleic 
acid to be amplified can be built of several parts which are either essentially parallel 
complementary or essentially identical to the according part of the target nucleic acid as 

D described above. Preferred combinations of the control nucleic acid covering the region of the 

U target nucleic acid to be amplified are listed in table 1 : 



•* 


Primer-site(s) 


Probe-site(s) 
(if present) 


Non-prob e/non- 
primer region 
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Pc 
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Pc 


Id 


Pc 




Pc 


Id 


Id 



Tab 1 : Id = essentially identical, Pc = essentially parallel- 
complementary to target 



According to the invention only the sequence of the bases is important, whereas the backbone 
1 5 need not to necessarily be the natural sugar-phosphate backbone. Therefore it is also possible 
to use nucleic acids as controls according to the present invention having a modified backbone 
or a non natural backbone like Peptide Nucleic Acid (WO 92/20702). When using control 
nucleic acids containing base analogues it should be taken care that theses base(s) have similar 
properties to the complementary natural base contained in the relevant position of the target 
20 nucleic acid sequence in order to mimic the hybridization behavior of the target nucleic acid 
as closely as possible. Also it should be taken care that when using a control nucleic acid as an 
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amplification control nucleic acid, the nature of the control nucleic acid should allow the 
amplification of the control nucleic acid with the amplification method used. 

A control nucleic acid according to the present invention can be constructed on the basis of 
the sequence of the coding strand of RNA or DNA, or the strand complementary thereto. The 
controls can be for example chemically synthesized and cloned in suitable vectors like 
plasmids, phage nucleic acids, or in the genome of bacteria or viruses or be used as they are 
constructed. Such control nucleic acids can be amplified in vitro or be produced in bacteria 
transfected with the vectors containing the nucleic acid sequence of the controls. Such control 
nucleic acids can be used directly in the test or be packaged, for example as armored RNA 
(US Patent 5,677,124) or be packaged in liposomes. 

The target nucleic acid is the nucleic acid to be determined. This can be of any origin, for 
example of viroid, viral, bacterial, or cellular origin. It can be derived from solutions, like 
blood, serum, plasma or urine, from suspensions, fixed on solids, cell containing media, cell 
smears, fixed cells, tissue sections or fixed organisms. Preferably the nucleic acid to be 
determined is in solution. The nucleic acid to be determined can further be a nucleic acid 
derived from the target nucleic acids, for example by recombination, fragmentation, 
amplification and/ or cDNA formation from RNA. 

The target nucleic acid is usually brought into available form by processing the original 
sample with one of various methods. This comprises for example change of pH (alkaline), 
heating, cyclic changes of temperature (freezing/thawing), change of the physiological 
growing conditions, use of detergents, chaotropic salts or enzymes (for example proteases or 
lipases), alone or in combination. If the control nucleic acid according to the present invention 
is added to a sample prior or during the sample preparation step, these control nucleic acids 
can also be used as controls for the sample preparation in addition to the subsequent 
amplification and/ or hybridization step. For this purpose the control nucleic acid can be 
added to the sample as DNA or RNA depending on the nature of the target nucleic acid. It can 
also be packaged similarly like the target nucleic acid, which is often contained in the sample 
attached to proteins or other cellular or viral components. In order to mimic the target nucleic 
acid more closely, the control nucleic acid may be packaged for example in a protein coat, as 
for example in armored RNA . 
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The control nucleic acids according to the present invention can be used for example as 
controls, preferably as internal controls in hybridization methods like the branchedDNA 
method or the determination of ribosomal RNA targets or may be also useful for array 
hybridization methods. 

5 They are also useful for example as controls, preferably as internal controls, in target 

amplification methods, like TMA, SDA, NASBA, LCR, and PCR. The preferred method is 
PCR. In principle, a target nucleic acid for example indicative for an infectious agent or a 
, . r genetic status is used as a template to which a primer can sequence specifically bind under 
P suitable reaction conditions. Dependent on the method used the primer can be for example 

o 

j§§ extended with nucleotide monomers using a polymerase or ligated with a further primer 

^ hybridized nearby. In case such an amplification product itself can directly or indirectly serve 

W as a template one can amplify the target nucleic acid exponentially. Also known are linear 

M 

>s amplification methods. The amplification products can be detected directly, for example by 

P 

?a agarose gel electrophoresis or by performing a further hybridization reaction with at least one 
if sequence specific probe. 

fU A primer according to the present invention is a molecule capable of being extended or 

modified preferably by enzymes, more preferably by a polymerase of for instance procaryotic 
origin, when hybridized to a nucleic acid template. When using PCR thermostable 
polymerases, like T. aquaticus DNA- polymerase, are preferred. The extension adds 

20 mononucleotide units from monodesoxyribonucleosidetriphosphates to one end of said 

primer, preferably the 3'-OH-terminal end. The overall length and base sequence of a primer 
is dictated by the required specificity of the amplification reaction. Preferred primer lengths 
for performing PCR are from 10 to 40, most preferred from 15 to 30 base containing subunits, 
selected from mononucleotides and/or nucleic acid analog monomers. In general primers of 

25 that length are also useful for other amplification methods. If more than one primer is used for 
amplification, for example when using PCR or amplifying multiple target nucleic acids in one 
reaction, preferably primers are used which cannot hybridize to each other, because they do 
not contain any stretch of more than 5 consecutive complementary bases. 
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For PCR the locations of hybridization of the primers are typically chosen such that there is a 
stretch of at least 10, but not much more than 1000, preferably from 100 to 500 nucleotides 
between their original 3 '-ends, in the hybrid of the extension products. 

Generally, it is important that a primer binds sufficiently strong to the target nucleic acid in 
5 order to allow amplification under the reaction conditions, but care must be taken that the 
primer preferably only binds to the target nucleic acid and binding to other nucleic acids 
which may be contained in a sample should be avoided. Therefore primers are preferred which 
are 10 to 40 nucleotides long, more preferred 15 to 30 nucleotides long. Preferably the primers 
P are oligonucleotides. 

13 

ff> A probe is a molecule used for the determination of a target nucleic acid or an amplified target 
6 1 nucleic acid. It can also be used to determine the sequence of a target nucleic acid or amplified 
j** target nucleic acid. For this purpose probes can be used which have different sequences. Such 
j«=i probes can also be used for example for the determination of different allelic forms of a target 
W nucleic acid or for a genus and species-specific determination of a target. Probes are 
|i preferably oligonucleotides, but also analogues, for example PNA, can be used, hi order to 
jiy allow a sequence specific hybridization the probes are preferably longer than 10 nucleotides, 
even more preferred have a length of 10 to 40 nucleotides, hi order to allow a detection of the 
target nucleic acid, the amplificates and the according probe-hybrization complexes, the 
probes or/ and the primers used can be coupled to groups which can be detected directly or 
20 indirectly or which allow an immobilization of the target nucleic acid, the amplificates and the 
according probe-hybrization complexes to a solid phase. 

A label is generally known to a man skilled in the art as being a group which is detectable or 
can be made detectable for determining the presence of an analyte. Well-known labels are 
fluorescent labels, like fluoresceine, electro-chemiluminescent labels, like ruthenium 

25 complexes, or moieties that can be recognized by another molecular entity, like haptens which 
can be recognized by an antibody raised against this hapten or moieties that can be 
immobilized, like biotin (to streptavidin coated solid phases, like tubes or beads). Labels can 
be for example bound to the probe(s) or primer(s), or can be incorporated into the amplified 
nucleic acids as labeled nucleoside-tri-phosphate units. Also labels can be used which allows 

30 the detection of the target nucleic acid or amplified target nucleic acid by other means for 
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example by intercalation of that label or a labeled intercalator into double stranded DNA. 
Labels can either be used for detection of the primers or probes or any product having 
incorporated said primer, to determine the hybrid formed by said primer or probe with a 
nucleic acid to be determined or an amplified target nucleic acid incorporated labeled 
5 nucleotides. 

A solid phase is a solid not substantially soluble in the reaction mixture, for example in the 
form of a bead, a net, the inner surface of a tube, a microtiter plate or a chamber of a device. It 
is essentially used to contain the reaction mixture, but in case of intention to bind an 
gj immobilisable probe, primer or control nucleic acid to it, it may contain on its surface reagents 
jit or a coating being capable to recognize and bind a moiety of said probe, primer or control 



2f nucleic acid. 

w 

M Using heterogeneous detection methods, the determination, for example by probe 
f 1 hybridization, is performed after the amplification step. The hybridization complex can be 
M detected in solution or after immobilization on a solid phase. Also known are homogenous 
i"6 detection formats, which allows to determine the amplified nucleic acid in the reaction 
f\l mixture without further separating or washing steps. For this purpose several probe 

hybridization formats are known, like Taqman (US patents nos. 5210015 and 5487972), 
Fluorescence Resonance Energy Transfer (US 4,996,143), Molecular Beacon (WO- 95/13399, 
U.S. Pat. Nos. 5,119,801 and 5,312,728), Sunrise (U.S. Patent No. 5,866,336), Scorpions 
20 (PCT /GB98/03521). Such methods can be used to detect the level of synthesized amplificate 
over the whole amplification reaction. When using an internal control, for example an internal 
control according to the present invention, in a reaction or for determination of multiple 
targets the signals measured for each target and control can be distinguished from each other. 
For that reason one can use for example different labels attached to the different probes or 
25 primers, which allows a simultaneous measurement of the different targets and controls or the 
amplified nucleic acids derived from these nucleic acids in the reaction mixture. 

The control nucleic acid according to the present invention is a nucleic acids, that may be 
chemically synthesized, may be cloned, amplified or isolated by other means known in the art. 
It is preferably made of RNA- or DNA-monomers, but can also contain natural or non-natural 
30 base or sugar analogues. Due to the parallel complementary part(s) the control nucleic acids 
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have a different sequence compared with the sequence of the target nucleic acid and in most 
cases such sequences have to be produced synthetically at least once by known methods, like 
the phosphoramidite technology. In order to allow the production of longer nucleic acids 
according to the present invention one can synthesize short, about 40 to 120 bases long 
5 oligonucleotides which overlap both strands of the desired control nucleic acid in a staggered 
mode. After hybridization of these oligonucleotides and a following ligation step the nucleic 
acid can for example be cloned into a vector or can be used directly as described herein. The 
cloned nucleic acid can be amplified for example in bacteria and isolated using standard 
j«s methods (Sambrook et al, Molecular Cloning: A laboratory Manual, Cold Spring Harbour 
|4 Laborator, 2001, ISBN 0879695765 ). If the nucleic acid is an RNA it can be synthesized for 
W example by in vitro transcription using a vector, which contains a suitable promoter sequence, 
fll like the T7 phage promoter sequence. The nucleic acids may be used as naked nucleic acid or 
u be packaged in particles, for example as armored RNA (US 5,677,124), or be embedded in 
L viroid, viral, bacterial, or cellular organisms. 

£1 Such nucleic acids are for example useful for controlling nucleic acid hybridization and 

Q amplification reactions. They can be used to identify false negative results due to inhibitors 

fl 

present in a sample or as standards in a quantitative assay. The control can be processed in a 
parallel reaction in different vessels (external control) or co-processed in the same reaction 
vessel (internal control) as the target, whereas the latter case is preferred. 

20 The essentially parallel complementary part(s) in the control construct can include one or 
more probe binding site or/ and one or more primer binding site or/and one or more 
primer/probe flanking regions, in the most extended case the whole sequence of the 
corresponding target nucleic acid. 

This means that during processing of a control nucleic acid according to the present invention 
25 primers or/and probes can be used, that are essentially parallel-complementary, preferred 

parallel-complementary to those used for processing of the target nucleic acid. Corresponding 
primers and probes exhibit same GC content and hybridizing properties, that mainly reflect 
probe- and primer-hybridization efficiencies and amplification efficiencies, but no 
competition with regard to these reaction components occurs, because the primers or/ and 
30 probes binding to the control nucleic acid cannot bind to the target nucleic acid and vice versa. 
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In case of only low amounts of target nucleic acid in a sample such a competition could 
eventually lead to an absence of amplification of the target or reduced probe-binding. 
Therefore, the use of parallel-complementary primers and probes can increases sensitivity and 
linear range of an assay. Although it should be noted, that using identical primers for 
5 amplification of the target nucleic acid and the control nucleic acid bears the advantage that 
one set of primers is sufficient and a direct control of the target-specific primers is possible. 

In a qualitative test, the control nucleic acid of the present invention can be used to identify 
false negative results, preferentially used as an internal control nucleic acid. Due to its ability 
tl to mimic the target very close, it's subjected to inhibitors in the same manner. Especially, 
II when the control nucleic acid is added to the reaction in low concentration, because in this 
'% case the system reacts very sensitive to the occurrence of inhibitory substances. Such control 
y nucleic acids can also be used as standards, preferably as an internal standard, for example as 
a mean for standardizing of results of parallel experiments. 

W In a quantitative test, the control nucleic acid of the present invention can be used as a 

j|j5 quantitative standard to determine starting level of a target nucleic acid contained in a sample. 

I? A known amount of the standard nucleic acid is being co-amplified essentially under the same 

MJ 

reaction conditions together with a target-nucleic acid, preferred as an internal quantitative 
standard. After amplification or, in case of a homogeneous detection, during the amplification 
reaction, the amount of amplified target nucleic acid and the amount of amplified standard 

20 nucleic acid is determined. Using those and knowing the initial amount of standard nucleic 
acid in the reaction it is possible to calculate the initial amount of target nucleic acid, which 
was present in the sample prior to amplification. Several methods for quantification are 
known in the art, including for example concepts using internal standard curve, external 
standard curve and Payan-Model (see for example Haberhausen et al., Journal of Clinical 

25 Microbiology, Vol 36, p. 628 to 633). It should be noted that it is not necessary to measure 
absolut amounts of amplificates synthesized. For most purposes relative amounts are 
sufficient, which can be determined for example by hybridization of the amplificates with 
labeled probes and measuring the signal intensity of the hybridization complexes. 

In a preferred embodiment, the control nucleic acids of the present invention are used in the 
30 polymerase chain reaction (PCR), described in U.S. Patent Nos. 4,683,1 95; 4,683,202 and 
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4,965,188, Saiki et al., Science 230:1350-1354; mullis et al., 1986, Cold Spring Harbor Symp. 
Quant Biol. 51:263-273; and Mullis and Faloona, 1987, Methods Enzymol. 155:335-350. 
However the invention is not restricted to any hybridization or amplification method. 



The control nucleic acid can be added at certain stages of the reaction. Usually nucleic acids 
5 of a sample, for example blood, serum, sputum or tissue sample are at least partially purified 
by a sample preparation method known in the art. The particular method used is not a critical 
part of the present invention. The control nucleic acid can be added prior to sample 
I x preparation allowing the control nucleic acid to be co-processes with the target nucleic acid 
O contained in the sample. This allows to monitor the sample preparation step in addition to the 
|i following amplification or/ and probe hybridization step. 

j* I In the alternative the control nucleic acid can also be added to the amplification reaction 
^ mixture after sample preparation in order to allow monitoring of the a co-amplification of the 
Q target nucleic acid and the control nucleic acid, but can also be added after amplification ,at 
fn the probe-hybridization step, to monitor the hybridization step. 

jlf Preferably for amplification of the control nucleic acid primer(s) are used which are either 
essentially identical or essentially parallel-complementary to the primers used for 
amplification of the target nucleic acid. As such control specific primers have essentially the 
same melting temperature as the respective target-specific primers, it is easier to find an 
appropriate temperature cycle profile suitable for amplification of the target nucleic acid and 

20 the control nucleic acid compared with other multiplex amplification reactions. The same 
applies if probes are used for the determination of control nucleic acids or amplified control 
nucleic acids, the probes being essentially parallel-complementary compared with the probes 
used for determination of the target nucleic acid or amplified target nucleic acids. 

When amplifying target nucleic acids and control nucleic acids using PCR, the reaction 
25 mixture typically in addition to target nucleic acid contains the control nucleic acid, specific 
primers and optionally probes for homogenous detection and further reaction components like 
appropriate buffers (for example Tricine), divalent cations like Mg 2+ or Mn 2+ , a polymerase, 
preferably a thermostable polymerase, and the four desoxyribonucleotides (dATP, dCTP, 
dGTP and dTTP). The amplification reaction can be performed with a thermocycler known in 

2993311 17 



the art, for example an PE 9600 (or ABI Prism 7700) (Perkin Elmer Corp.) using a 
temperature cycle profile allowing denaturing double stranded nucleic acid, sequence-specific 
hybridization of the primers to the target and control and elongation of the primers by the 
polymerase. This temperature cycle can be repeated as often as necessary to allow 
5 synthesizing sufficient amounts of amplified nucleic acids for determination. Usually 30 to 40 
cycles are performed. 

In case the amplified nucleic acids are determined by probe hybridization following 
amplification, the amplified nucleic acids are denatured for example by heat or alkali, 
Q neutralized (if necessary), the probe(s) are added and hybridization of the probe to the 
|| amplified nucleic acids is performed under suitable conditions (temperature and chemical 
!!f milieu). Such conditions can be determined easily by an expert making a few comparative 
yj experiments. The specific hybridization complexes can be detected using labels and other 
.. detection means as described herein. 

Si In case of a homogenous determination format, the amplified nucleic acids are detected in the 
te amplification reaction mixture preferably during the amplification reaction. If the amplified 
llj nucleic acids are determined using specific probes, the probes are added to the amplification 
reaction prior to starting the amplification reaction. In addition such a determination format 
bears the advantage, that usually the tube need not to be opened after amplification and 
contamination risks are minimized. The hybridization of probes to the amplified nucleic acids 
20 during the amplification reaction can be monitored using different methods. Very often the 
probes are labeled with fluorescent labels, which can be detected during the reaction if 
suitable detectors are integrated into the thermocycler (i.e. an ABI Prism 7700, Perkin Elmer). 
In order to allow the detection only of probes, which have been hybridized or hybridize to the 
specific amplified nucleic acid, several formats have been established, which are referenced 
25 herein. Using the TaqMan-format the hybridized probe is partially digested by the polymerase 
cutting a first quenching label from the 5 '-end of the probe, which allows to measure the 
signal emitted by a second, preferably fluorescent label attached to the probe. This 
fluorescence signal is used as a measure for the amount of specific amplified nucleic acid 
synthesized in the reaction. As the probe specific to the control nucleic acid preferably has 
30 another fluorescent label than the probe specific to the target nucleic acid emitting light 



having another wavelength, the signals of both probes can be measured separately within the 
same reaction tube. The two signals can be used to calculate, for example, the initial amount 
of target nucleic acid present in the sample. 

A preferred subject of the present invention is a method for quantitation of a target nucleic 
acid comprising the steps 

a) amplifying a region of said target nucleic acid and a known amount of control nucleic 
acid, said control nucleic acid covering essentially said target nucleic acid region to be 
amplified or the complement of said target nucleic acid region, whereby the region of said 
control nucleic acid covering essentially said target nucleic acid region to be amplified or 
the complement of said target nucleic acid contains at least one contiguous sequence of at 
least 8 nucleotides being essentially parallel complementary to said target nucleic acid or 
to the complementary strand of said target nucleic acid, 

b) detecting a signal indicative for the amount of amplification product obtained from said 
control nucleic acid and detecting a signal indicative for the amount of amplification 
product obtained from said target nucleic acid 

c) calculating the amount of said target nucleic acid using the known amount of said control 
nucleic acid, the signal indicative for the amount of amplification product obtained from 
said control nucleic acid determined in step b) and the signal indicative for the amount of 
amplification product obtained from said target nucleic acid determined in step b). 

A further subject of the present invention is a control nucleic acid in a reaction for the 
amplification of a target nucleic acid region, said control nucleic acid covering essentially the 
region of said target nucleic acid to be amplified or the complement of said target nucleic acid 
region, whereby the region of said control nucleic acid covering essentially the region of said 
target nucleic acid to be amplified or the complement of said target nucleic acid contains at 
least one contiguous sequence of at least 8 nucleotides being essentially parallel 
complementary to said target nucleic acid or to the complementary strand of said target 
nucleic acid. 
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A further subject of the present invention is a composition of matter comprising a target 
nucleic acid and a control nucleic acid, which composition is present in a hybridization or 
amplification reaction mixture for detecting the target nucleic acid region and whereby said 
control nucleic acid covers essentially the region of said target nucleic acid to be determined 
or the complement of said target nucleic acid region characterized in that the region of said 
control nucleic acid covering essentially the region of said target nucleic acid to be determined 
or the complement of said target nucleic acid contains at least one contiguous sequence of at 
least 8 nucleotides being essentially parallel complementary to said target nucleic acid or to 
the complementary strand of said target nucleic acid. 

A further subject of the present invention is a kit for amplification of a target nucleic acid 
comprising of an instruction manual and at least one container containing at least a control 
nucleic acid, whereby said control nucleic acid covers essentially the region of said target 
nucleic acid to be amplified or the complement of said target nucleic acid region characterized 
in that the region of said control nucleic acid covering essentially the region of said target 
nucleic acid to be amplified or the complement of said target nucleic acid contains at least one 
contiguous sequence of at least 8 nucleotides being essentially parallel complementary to said 
target nucleic acid or to the complementary strand of said target nucleic acid. Further 
preferred kits contain in addition to the manual and the control nucleic acid other reaction 
components like target or control specific probes, target or control specific primers, reaction 
buffers, nucleoside-triphosphates or enzymes like a polymerase. These components can be 
packaged into the first container of such a kit, but can also be contained in one or more further 
containers. Also preferred is a kit useful for detection of a target nucleic acid using 
hybridization methods which contains an instruction manual and at least one control nucleic 
acid according to the present invention. 

A further subject of the present invention is the use of a control nucleic. acid as a control in a 
reaction for amplification of a target nucleic acid region or in a hybridization reaction for 
determination of a target nucleic acid region, whereby said control nucleic acid covers 
essentially the region of said target nucleic acid to be amplified or hybridized or the 
complement of said target nucleic acid region characterized in that the region of said control 
nucleic acid covering essentially the region of said target nucleic acid to be amplified or 
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hybridized or the complement of said target nucleic acid contains at least one contiguous 
sequence of at least 8 nucleotides being essentially parallel complementary to said target 
nucleic acid or to the complementary strand of said target nucleic acid. 

The present invention is exemplified by the following examples: 

5 Examples 

Example 1 

j«s Design of a probe sequence, that is parallel complementary to the HCV target probe 

b 

*s sequence 

S 

P For detection of HCV nucleic acid in a Taqman assay the following probe, binding to the 
jU HCV-amplicon (Seq. ID No. 10) can be used: 

PI 

Jj ST650 (Seq. ID No 3): 

p 5 ' (CyS-) CGG TGT ACT CAC CG(FAMs) TTC CGC AGA CCA CTA TGG C-P0 4 -3 ' 

I 

' iJ Cy5 : Oligonucleotid-derivatisation with Pentamethin-di-indocarbocyanin using 

Alkylphosphatidyl-Linker (Pharmacia Biotech Cy5-N-ethyl-Phosphoramidit)Fams: 
Oligonucleotid-derivatisation with 6-Carboxy-fluorescein using 2-(Amino-cyclohexyl- 
)propan-l,3-diol-Linker (Biogenex CX-FAJVl-Phosphoramidit) 

20 

All HCV specific sequences enclosed in this application are derived from the sequence of the 
HCV type I genome (NCBI, Genbank Accession No. AF054249 or AJ000009). 

At best the probe for internal control detection mimics the target probe exactly, but is 
25 distinguishable of the target probe. The parallel complementary sequence of the target probe, 
called ST650pc (Seq. ID No. 5), can be used as such an internal control probe. ST650pc has 
the same GC-content, GC/AT sequence, length, secondary structure and therefor the same 
melting temperature as the target probe. Furthermore, since G and A are substituted by C and 
T, respectively, and vice versa, it is distinguishable to the target probe. ST2535 (Seq. ID No. 
30 4) contains a sequence which is not related to the sequence of HCV, e.g. is not essentially 
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identical or essentially parallel-complementary to the sequence of HCV. An internal control 
containing a binding sequence for ST2535 can be used together with the probe ST2535 to 
control the target nucleic acid determination reaction. Probes and controls containing a 
sequence unrelated to that of the target nucleic acid sequence are often used in the prior art. In 
5 contrast thereto ST650pc (Seq. ID No. 5) has the potential to mimic target probe perfectly. 
ST650pc (Seq. ID No. 5) probe can be used with all internal control or quantification standard 
constructs containing a ST650pc binding sequence. 
ST2535 (Seq. ID No. 4): 

5 ' (Cy5-) TGG ACT CAG TCC T(HEXs)T GGT CAT CTC ACC TTC T-P04 3 ' 

9 HEXs: Oligonucleotid-Derivatisation with Hexachloro-6-carboxy-fluorescein using 2- 
Q (Amino-cyclohexyl) propan-1 ,3-diol-Linker (Biogenex CX-HEX-Phosphoramidit) 

SI 

y 

fa ST650pc (Seq. ID No. 5): 

p 5 ' (CY5-) GCC ACA TGA GTG GC(HEXs) AAG GCG TCT GGT GAT ACC G-P04 3 ' 

D 

0 Prediction of secondary structures was done using the software Mfold version 3.0 (copyright 
P 1 996 Dr. M. Zuker, M. Zuker, D.H. Mathews & D.H. Turner, Algorithms and 
W Thermodynamics for RNA Secondary Structure Prediction: A Practical Guide, In RNA 
20 Biochemistry and Biotechnology, J. Barciszewski & B.F.C. Clark, eds., NATO ASI Series, 
Kluwer Academic Publishers, (1999)). As can be seen in FIG 2 the predicted secondary 
structures are identical between target probe and parallel complementary probe. 

Example 2 

25 Design of primer sequences, that are parallel complementary to the HCV target primer 
sequences and comparison of likely formed secondary structures formed by target 
primers and parallel complementary primers: 

For amplification of HCV nucleic acid the following primers are used: 

30 

ST280 (Seq ID No 6): 

5 ' GCA GAA AGC GTC TAG CCA TGG CGT TA 3 ' 
ST778 (Seq ID No 7): 
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5' GCA AGC ACC CTA TCA GGC AGT ACC AC A A 3' 



The parallel-complementary sequences of these amplification primers are 

5 ST280pc(SeqIDNo8): 

5' CGT CTT TCG CAG ATC GGT ACC TCA AT 3' 

ST778 pc (Seq ID No 9): 

5' CGT TCG TGG GAT AGT CCG TCA TGG TGT T 3' 

10 

p These designed internal primers are used for amplification of the internal control. 

U Amplification of the internal control is non-competitive, since target and internal control use 

;j different primers for amplification. Nevertheless, the designed parallel complementary 

yj primers are structural very close to target primers, with regard to GC content, GC/AT 

J 5 sequence, length, secondary structure and therefor melting temperature. ST280pc and 

f>? ST778pc can be used as amplification primers for all internal control and quantification 

0 standard constructs that are non competitive and contain appropriate primer binding sites. 

b 

M Predictions of secondary structures, done with Mfold version 3.0, are identical between target 
20 primers and parallel-complementary primers (see FIG 3). 

Example 3 

Construction of an internal control for non-competitive qualitative and quantitative 
25 nucleic testing of HCV, that is parallel complementary to HCV sequence: 

A double stranded DNA fragment was cloned, using overlapping oligonucleotides with a 
length of 60-120b, that is parallel complementary to a 5'-fragment of HCV type I genome 
including the highly conserved 5'-UTR region. The synthesized and cloned fragment is 943bp 
30 long and cloned into the BglWHindm site of an aRNA expression vector (AMBION, Austin, 
USA). Expression results in an armored RNA particle that contains RNA including the gene 
for MS-2 coat protein, MS-2 packaging signal and the parallel complementary sequence of 5' 
HCV fragment. This RNA is distinguishable from the target, but due to parallel 
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complementarity, GC-content and sequence of G or C and A or T nucleotides are identical to 
the corresponding HCV fragment, which are mainly influencing secondary structure. This 
construct is coamplified and detected in the same reaction together with HCV target (Seq. ID 
No 10) in a non competitive manner using the primers and the probe mentioned in example 2 
and 1, respectively. 

Sequence of the cloned BglWHindm fragment of QS(pc)HCV (Seq. ID No 1 1): 

SEQ New: 943 bp; 

Composition 203 A; 287 C; 282 G; 171 T; 0 OTHER 
Percentage: 22% A; 30% C; 30% G; 18% T; 0%OTHER 
Molecular Weight (kDa): ssDNA: 291.24 dsDNA: 581.5 
ORIGIN 

Bglil 

1 AGATCT CCGC TGTGAGGTGG TATCTAGTGA GGGGACACTC CTTGATGACA GAAGTGCGTC 
61 TTTCGCAGAT CGGTACCGCA ATCATACTCA CAGCACGTCG GAGGTCCTGG 
GGGGGAGGGC 

121 CCTCTCGGTA TCACCAGACG CCTTGGCCAC TCATGTGGCC TTAACGGTCC 
TGCTGGCCCA 

1 8 1 GGAAAGAACC TAGTTGGGCG AGTTACGGAC CTCTAAACCC GCACGGGGGC 
GCTCTGACGA 

24 1 TCGGCTC ATC AC AACCC AGC GCTTTCCGGA ACACCATGAC GGACTATCCC 
ACGAACGCTC 

30 1 ACGGGGCCCT CCAGAGC ATC TGGCACGTGG TACTCGTGCT TAGGATTTGG AGTTTCTTTT 
361 TGGTTTGCAT TGTGGTTGGC GGCAGGTGTC CTGCAGTTCA AGGGCCCGCC ACCAGTCTAG 
42 1 CAACCACCTC AAATGGACAA CGGCGCGTCC CCGGGGTCCA ACCCACACGC GCGCGAGTCC 
48 1 TTCTGAAGGC TCGCCAGCGT TGGAGCACCT TCCGCTGTTG GATAGGGGTT CCGAGCGGCT 
541 GGGCTCCCGT CCCGGACCCG AGTCGGGCCC ATGGGAACCG GGGAGATACC GTTACTCCCG 
60 1 TACCCCACCC GTCCTACCGA GGACAGTGGG GCACCAAGAG CCGGATCAAC CCCGGGGAGT 
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661 CTGGGGGCCG CATCCAGCGC ATTAAACCCA TTCCAGTAGC TATGGGAATG TACGCCGAAG 
721 CGGCTGGAGT ACCCCATGTA AGGCGAGCAG CCGCGGGGAG ATCCCCCGCG GCGGTCCCGG 
781 GACCGCGTAC CGCAGGCCCA AGACCTCCTG CCGCACTTGA TACGTTGTCC CTTAAACGGG 
84 1 CCAACGAGAA AGAGATAGAA GGAGAACCCA AACGACAGAA CAAACTGGTA 
GGGTCGAAGG 

90 1 CGAATACTTC ACGCGTAAAC ATGAGGATTA CCCATGT AAG CTT 
Hindlll 

Printed in bold: Amplicon (Seq. ID No 12) when using the Primers ST280pc and ST778pc for 
amplification. 



Example 4 

Comparison of likely formed secondary structures formed by single stranded HCV 
target amplicon vs. single stranded internal control amplicon and vs. a scrambled 
internal control amplicon QSHCV (Seq ID No 13). 

5 The scrambled control nucleic acid (Seq ID No 13) has a ST280 and ST778 primer binding 
site, a ST2535 probe binding site and is of the same length as the HCV target amplicon and 
has the same GC-content. Folding was performed with Mfold version 3.0, see FIG 4. 

^ HCV- and the parallel complementary QS(pc)HCV amplicon have the potential to form 

O 

!3 similar secondary structures. This is different from the structure that is formed by the 

j s 

fiQ scrambled internal control (QSHCV) amplicon (Seq. ED No 13) that is state of the art. Since 

f I QS(pc)HCV amplicon (Seq. ED No 12) is a very close mimic of the HCV target amplicon, 

h* QS(pc)HCV (Seq. ED No 1 1) is the better choice to control target amplification. 

rj Example 5 

W Cloning of an internal control for competitive, qualitative and quantitative nucleic 
testing of HCV with native primer binding sites (ICSJ620HCV) 

According to example 3 a synthetic 375 bpDNA fragment was cloned that is, besides the 
20 primer binding site, parallel complementary to HCV type I 5 'UTR. The primer binding sites 

are identical to the target sequence to allow a competitive PCR between target and control. 

The sequence between both primers is parallel complementary in order to mimic the target. 

Since GC content, length and sequence of G/C and A/T between the primers is identical to the 

target, this construct is very close to the target amplicon. This construct can be coamplified 
25 and detected in the same reaction together with HCV target in a competitive manner using 

target amplification primers and the parallel complementary probe mentioned in example 1 . 

ICSJ620HCV (Seq. ID No 14) 
SEQ New: 375 bp; 

Composition 76 A; 104 C; 1 17 G; 78 T; 0 OTHER 
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Percentage: 20% A; 28% C; 31% G; 21% T; 0%OTHER 



Molecular Weight (kDa): ssDNA: 116.05 dsDNA: 231.2 



ORIGIN 



5 



BgRl 



1 AGATCT CGGT CGGGGGACTA CCCCCGCTGT GAGGTGGTAC TTAGTGAGGG GACACTCCTT 
6 1 GATGACAGAA GTGGCAGAAA GCGTCTAGCC ATGGCGTTAC ATACTCACAG 
CACGTCGGAG 

1 2 1 GTCCTGGGGG GG AGGGCCCT CTCGGTATCA CC AGACGCCT TGGCCACTCA 
10 TGTGGCCTTA 

M 1 8 1 ACGGTCCTGC TGGCCCAGGA AAGAACCTAG TTTGGGCGAG TTACGGACCT 
g CTAAACCCGC 

% 241 ACGGGGGCGC TCTGACGATC GGCTCATCAC AACCCAGCGC TTTCCGGTTG 
Jj TGGTACTGCC 

|| 301 TGATAGGGTG CTTGCCTCGA GGGGCCCTCC AGAGCATCTG GCACGTGGAA 

M ACATGAGGAT 

U 361 TACCCATGT A AGCTT 

yj //mdlll 

2§ Printed in bold: Amplicon (Seq. ID No 1 5) when using the primers ST280 and ST778 for 
I M amplification. 

Example 6 

Comparison of annealing curves derived from HCVlb wildtype, QSHCV and 
QS(pc)HCV 

25 Related fragments of HCV-lb wildtype, QSHCV and QS(pc)HCV were amplified and 
subsequently amplification products were compared in an annealing experiments using 
SybrGreen as intercalating agent to get insight into folding kinetics of the amplicon 
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20 pmol NTQ21-46-A (Aptamer, Sequence: CGA TCA TCT CAG AAC 
ATT CTT AGC GTT TTG TTC TTG TGT ATG ATC G-P0 4 ) 
Z05 Polymerase 
UNG (Uracil-N-Glycosylase) 
Mn(Ac) 2 

Sybr-Green (1:300 dilution, from Molecular Probes, Leiden 
Netherlands; lOOOOx concentrated in DMSO) 
water DEPC-treated 
Primers 

Primers in amplification of HCV-lb and QSHCV 
15 pmol ST280 
40 pmol ST778 

Primers in amplification of QS(pc)HCV 
15 pmol ST280pc 
40 pmol ST778pc 

The polymerase Z05 is described in US Pat No. 5,455,170 and US Pat No. 5,674,738. 
Amplification cycles: 
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Anneal ingcurve 

0,5°C steps beginning at 90°C cooling to 70°C 
20 s each step 

Amplification and annealing curves (detected by Sybr-Green intercalation) were done on an 
ABI Prism 7700 (Perkm Elmer Corp.) 



Comparison of annealing curves (see Fig. 5) 

Reference in the assay is the annealing curve of the HCV-lb amplicon. The internal control 
construct that is used in the art QSHCV shows an annealing curve with a higher melting 
temperature, whereas the annealing curve of the parallel complementary control sequence 
QS(pc)HCV is matching the annealing curve of HCV-lb amplicon nearly perfectly. 



